ABSTRACT
Introduction
Despite their wide acceptance, silicone breast implants entail problems like fibrous encapsulation and when tissue is contracted, the breast hardens and the implant can fold. Some modifications have been made that aim at reducing the contraction of such capsules but a definitive solution to the problem is yet to emerge. 1 Capsules, or to put it better, pseudocapsules, occur in a normal process of tissue reparation: conjunctive tissue tries to isolate the foreign body that is being introduced into the organism. The processes that lead to capsular contractions are of variable and non-uniform intensity and their etiology has not yet been established and there are two major hypotheses: the contraction afford appear due to proliferation of myofibroblasts, or would be triggered by an infectious stimulus. 2 A number of methods drawing on the two theories have been tried to control the process of pseudocapsule formation, e.g., application of antibiotics, 3 corticosteroids 4 and even physical methods like modification of the surface structure of implants; employment of pulsed electromagnetic energy 5 and of ultrasound. 6 Low intensity laser (therapeutic laser) has already been used in odontology as a modulator of the inflammation process to reduce tooth sensitivity to cold and sweet foods and to alleviate post-surgical pain and inflammation. 7, 8 Low intensity laser's wavelength is found in both the visible and the invisible portion of the electromagnetic spectrum. The mechanism of its functioning is not completely understood, but it is assumed that photoreceptive structures inside cells are activated and stimulate or inhibit enzymatic activities and photochemical reactions. 8 With a complex form and a response depending on the state of cell activation, the process of photo-activation has three symptoms: it impacts directly on the cell (primary or immediate effect) and enhances the cellular metabolism, it accelerates the blood flow and the lymphatic drainage; it has a delayed or systematic effect that manifests itself as an activation of the immunological system. 9 FIGURE 1 -Scheme displaying the insertion of implants in the dorsal region of rats These effects have been observed both in vitro and in vivo, resulting in some clinical uses of low intensity laser, e.g., alleviation of pain and stimulation of tissue reparation; reduction of edema and hyperemia in inflammatory process; prevention of infection; improving recuperation after paresthesia and paralysis. 9 All benefits of low intensity lasers notwithstanding, its contribution to control pseudocapsule formation that occurs in the vicinity of silicone breast implants is not known so far.
Therefore, the purpose of the present study, which employs an experimental method, is to assess the effects of low intensity laser irradiation on pseudocapsule that appeared in the vicinity of silicone breast implants.
Methods
An experimental study that involved 60 male Wistar rats (Rattus norvegicus) weighing between 160 and 180 grams was conducted at the Faculty of Medicine of Botucatu-UNESP, São Paulo. The use of laboratory animals followed the Council for International Organization of Medical Sciences ethical code for animals experimentation and the Brazilian College on Animal Experimentation.
Silicone gel implants with a smooth surface and thickness of two millimeters were planted in the rats' subcutaneous part of the dorsal region under general anesthesia and under aseptic and antiseptic conditions (Figure 1 ).
The animals were randomly divided into two experimental groups:
1) Group I -animals that received a silicone implant and did not receive a treatment after surgery;
2) Group II -animals that received a silicone implant and were irradiated using low intensity laser,,applied in four places over the implant. The first treatment took place immediately after the surgery and the total number of sessions was seven, every second day during a period of 14 days. The energy applied was 1J/cm 2 per pulse. The laser used was the GaAIAs (gallium aluminum arsenide) semiconductor low intensity laser, namely the Twin model (MM Optics, Brazil) with wavelength of 780 nm in the continuous mode.
To evaluate the pressure of the pseudocapsule on the implants, we conducted applanation tonometry 30, 90 and 180 days after the surgery using a digital applanation tonometer, model Tono-pen XL (Medtronic Inc, USA).
After tonometry, the animals were sacrificed using an overdose of pentobarbital sodium. The implants and adjacent tissue were removed and immediately fixed in 10% tamponed formol. Afterwards, the implant was removed from the pseudocapsule through an incision in its major diameter. The pseudocapsules were prepared for histological examinations and were dehydrated in a increasing series of alcohols, immersed in paraffin and graded slides were mounted so that each cut ran through the whole perimeter of the pseudocapsule. The slides were colored with hematoxylin and eosin (HE) and pseudocapsule cellularity and collagen fibers were evaluated by morphometric exam using a semi-automatic image analyzer Leica Qwin -Leica DMLN microscope (German) with processing program, measuring the thickness in six previously determined points and always in the same position in all the animals.
The data obtained in the tonometric exam were statistically evaluated using the non-parametric variance analysis for two-factor models. Morphometric data were analyzed using variance analysis for two-factor models along with Tukey's multiple comparison test at 0.05 significance level.
Results
Animals did not show behavioral alternations after the procedure and there were no infections in the surgical incisions during the experimental period. Two animals from Group II, died for unclear and not related to the treatment reason around the observation period lasted 180 days.
Applanation tonometry of the implants
In some evaluations, the minimum value that the tonometer can distinguish (4 mmHg) was not achieved. Consequently, those evaluations were assigned a value of 5 mmHg, which is the bottom limit of the device's reliability. A statistical analysis of tonometric measurements did not show any difference between the groups on the 30 th and on the 90 th day. However, the tonometric values of Group I were higher on 180 th day, with a statistically significant difference. In other words, higher pressure was observed in implants in Group I, in comparison with Group II, 180 days after they were include (Table 1) .
Comparing the development of tonometric values within groups, the values of animals belong to Group I had an upward trend: statistically significant difference appeared between 30 and 90 as well as between 90 and 180 days. In other words, the pressure in implants gradually increased during the experimental period. As far as Group II is concerned, the increase was lower and a significant difference was found only between 30 and 90 days. After that, the values did not change significantly until the end of the experiment (Table 1) . 
Moment of sacrifice

Histological exam results
Group I: After 30 days, the implants were surrounded by young fibroblasts with large nuclei, numerous s m a l l b l o o d v e s s e l s a n d m i l d inflammatory infiltrate, basically caused by lymphocytes located around the implants. After 90 days, fibroblasts were more mature and dense. After 180 days, the fibroblasts were even more mature, with small nuclei and dense collagen fibers. The inflammatory infiltrate was not significant in every observed moment.
Group II: The response of the tissue observed in Group I also occurred in Group II but with a higher number of swollen blood vessels replete with red blood cells. Also In this group, there was no significant inflammatory infiltrate.
In other words, the histological evaluation demonstrated that the pseudocapsule that appears in the vicinity of implants had a similar pattern of cellularity and in the distribution of collagen fibers in both groups. The only difference between the two groups was enlarged blood vessels in Group II (Figure 2 ). 
Morphometric evaluation of pseudocapsule thickness
Group I: Pseudocapsule thickness was larger in animals sacrificed on the 30 th day, decreasing on 90 days and with no significant difference between 90 and 180 days ( Table 2) .
Group II: No difference in pseudocapsule thickness occurred after 30 and 90 days neither at 90 and 180 days. Only comparing the pseudocapsule thickness after 30 days with after 180 days did a significant difference was observed.
Comparing the two groups, after 30 days the Group I animals had higher pseudocapsule thickness than Group II. The two groups had similar performance after 90 days. After 180 days, however, Group I again had higher values than Group II. In other words, the pseudocapsules formed around the implants were thicker at the beginning of the experiment and reduced towards its end.
Another important observation arose out comparing both groups, when the Group II animals (treated with laser) had thinner pseudocapsules than the Group I rats. For given moments of observation: 30 days: GI > GII; 90 days: GI = GII; 80 days: GI > GII For a given group: GI: (M30) > (M90 = M180); GII: M30 = M90; M90 = M180, but M30 > M180
Discussion
The pressure inside the implant is an important method to estimate the degree of capsular contraction 9 and the applanation tonometry, routinely used to evaluate intraocular pressure, was an easy and usefull method for this. Another frequently employed method to determine the pressure that capsules exert on implants was proposed by Moore. 10 Nevertheless, the latter method would not be easily applicable in our experimental model because the small-sized implants.
In pilot studies, another three ophthalmic tonometers were tested pointed out Tono-Pen XL was the easiest and with lowest error probability. In some evaluations, the results obtained were close to the reliability limit of the device (4 mmHg) and to homogenize the values obtained, the results were approximated to the value of 5 mmHg in both experimental groups.
The statistical analysis of tonometric values displayed significant differences between the groups after 180 days. On the other hand, when we assessed the differences within each group, we found that in Group I, there was a significant difference after 30, 90 and 180 days; in Group II no difference was detected between 90 and 180 days. These results show that the differences between groups become more perceptible over time probably because the pressure increases when the cicatricial process sets or a gradually contracts fibrous cover layer is formed around the implant.
It must be emphasized that in both groups the tonometric values tended to grow over time, which is in keeping with the hypothesis that pseudocapsular contraction is caused by cicatricial contraction of the wound in the process of tissue reparation. However, in Group II, tonometric values after 180 days were statistically lower than values of Group I, which suggested that according to the tonometric evaluation, laser irradiation seems to have succeeded in reducing the pressure exerted on the implant.
The introduction into the organism of any foreign substance with dimensions that do not allow phagocytosis induces pseudocapsule formation, consisting of collagen fibers parallel to the implant and this has been observed around of all implants inserted in the subcutaneous part of the experimental rats. The pseudocapsule is supposed to be thicker the stronger the inflammatory tissue reaction against to the implanted substance is.
11 Thickness tends to decrease over time, as observed in the present study, once the process of cell count decline sets in and only fibroblasts and collagen remain in its composition. There is also a contraction related to the action of myofibroblasts.
11
The capsular contraction itself is a part of the standard process of tissue reparation. There are various therapeutic methods to control the intensity of contraction. In the present study, we used a low intensity laser to this end.
The histologic pattern observed in the two groups was homogeneous throughout the experimental period and no significant inflammatory reaction appeared in either group probably because the implant was inserted under the rat's meaty pad, which, despite being muscular tissue, consists of a loose connective tissue, which may have caused a less intense inflammatory reaction. The homogeneity between groups suggests that the use of laser does not change the inflammatory reaction of the tissue when implants are inserted in the subcutaneous part of the dorsal region of rats. However, a higher number of enlarged and swollen vessels were observed in animals of Group II.
Morphometric analysis showed that the average thickness of the pseudocapsules shaped around the implants tended to decrease over time in both groups, nevertheless the Group I values were higher than those observed in Group II.
Analyzing the Group I pseudocapsule thickness, highest average values were observed in animals sacrificed after 30 days and stable results occurred in animals sacrificed after 90 and 180 days. No significant difference was observed in the pseudocapsule average thickness comparing animals sacrificed after 30 and after 90 days, neither in those sacrificed after 90 and after 180 days. Only comparing animals sacrificed after 30 and after 180 days a significant difference was detected which means that animals in Group I had a thicker pseudocapsule at the beginning of the experiment and the process of maturation and remodelation of collagen reduced the pseudocapsule thickness after 180 days of observation.
In Group II, the pseudocapsules were thinner from the beginning, meaning that the process of remodelation was more regular, which led to a significantly less thick pseudocapsule.
Although capsular contraction around the implants is a much discussed topic 12, 13 and various methods have been developed to prevent the contraction, the etiology of pseudocapsules remains unclear. The contraction could be caused by myofibroblasts, 14 i.e., a specie of fibroblast that have a contraction property and that can be proven in an ultrastructural examination.
Further studies should be conducted to ascertain whether low intensity laser has the same effect when the implant surface is not smooth, to determine the impact of lasers with different wavelengths and to know if there are morphologic signals attesting to the efficiency of low intensity laser treatment from the ultrastructural viewpoint.
